We have performed low-temperature transport measurements on a GaAs twodimensional electron system at low magnetic fields. Multiple temperatureindependent points and accompanying oscillations are observed in the longitudinal resistivity between the low-field insulator and the quantum Hall liquid. The amplitudes of these oscillations can be well described by conventional Shubnikov-de Haas theory, and our experimental results therefore support the existence of an intermediate metallic regime between the low-field insulator and quantum Hall liquid.
1 Two-dimensional (2D) phase transitions have attracted a great deal of interest recently [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . To date, despite many existing experimental and theoretical studies on 2D phase transitions, there are still some interesting but unresolved issues. In particular, it is still under debate whether a direct transition from an insulator (I) to a high Landau level filling factor (ν ≥ 3) quantum Hall (QH) state at low magnetic fields B is a genuine phase transition. Experimentally, a single approximately temperature (T )-independent point in the longitudinal resistivity ρ xx at a critical magnetic field B c is observed [10] . For B < B c , ρ xx decreases as the temperature is increased, reminiscent of an insulator. For B > B c , ρ xx increases with increasing T , characteristic of a QH liquid. The low-field insulator-QH transition [10] can be described by the destruction of the extended state within the tight-binding model [10, 12] . However, Huckestein argued that such a low-field transition is not a phase transition, but can be identified as a crossover from weak localization to Landau quantization [13] . Nevertheless, recent experimental results [14] demonstrate that the crossover from low-field insulator to Landau quantization can, in fact, cover a wide range of B (∼0.45 T), which indicates that we shall consider corrections to such an argument [15, 16] .
Recently a unifying model for various 2D phase transitions is proposed by Dubi, Meir and Avishai [17, 18] . In their work, percolation [19] and dephasing are both considered. Interestingly, they predict the existence of an intermediate metallic regime in the insulator-QH transition. In this article, we present experimental results which support the existence of the metallic regime. In our case, multiple T -independent points and oscillations in ρ xx are observed between the low-field insulator and the QH liquid. The amplitudes of these oscillations are well described by conventional Shubnikov-de Haas (SdH) theory based on Landau quantization in the metallic regime. By changing the applied gate voltage, we are able to observe a single T -independent point in ρ xx which corresponds to the conventional low-field insulator-QH transition as reported previously [10] .
The sample used in this work is a gated GaAs two-dimensional electron system (2DES) containing self-assembled InAs quantum dots. The details of the sample can be found elsewhere [14] . The experiments were performed in a He 3 cryostat at temperatures ranging 2 from 0.25 to 1.6 K. Four-terminal magnetoresistivities were measured using standard ac phase-sensitive lock-in techniques with a current of 10 nA. In order to provide a further understanding of the observed 4 T -independent points, we analyze the amplitudes of the accompanying oscillations in ρ xx . As shown in Fig. 3 , the amplitudes ∆ρ xx are well described by conventional SdH formula [20] △ρ
where We note that Eq. (1) is derived based on Landau quantization in the metallic regime where the quantum interference is ignored. The fact that the oscillations in ρ xx shown in Fig. 3 can be well described by conventional SdH theory indicate the existence and importance of metallic behavior in the crossover from the low-field insulator to quantum Hall transition.
According to the SdH theory, ρ xx ∼ ρ 0 + ∆ρ SdH cos[π(ν − 1)] where ρ 0 represents the nonoscillatory part. In the original derivation, ρ 0 is taken as a constant and equal to the longitudinal resistivity at zero magnetic field. Thus a series of T −independent points are expected when cos[π(ν − 1)] = 0, which occurs when
where n is an integer. Although ρ 0 cannot be taken as a constant in our study because of the obvious negative magnetoresistance, it is possible that ρ 0 becomes T -independent when B > 0.6 T in Fig. 1 so that there are four T -independent points corresponding to the SdH crossing points. With further increasing the gate voltage, we observed two more crossing points governed by Eq. (2). On the other hand, as shown in Fig. 4 , only three crossing points are observed between the low-field insulator and QH liquid as we decrease V g to -0.04 V. The crossing point indicated by an arrow at the highest B, in fact, is close to a SdH maximum, and is not located at a magnetic field satisfying Eq. (2). By further decreasing the gate voltage, only such a crossing point is between the low-field insulator and QH liquid, and we observed a conventional 0-4 I-QH transition. In this case, however, SdH oscillations are still observed in the low-field insulator as reported in Ref. [14] . Therefore, the metallic behavior should be important in the conventional 0-ν ≥ 3 transition.
In conclusion, we have observed multiple crossing points in ρ xx and accompanying oscillations between the low-field insulator and quantum Hall liquid. It is found that the oscillations can be well described by conventional SdH theory derived in the metallic regime.
Our experimental results support the existence of metallic regime between the quantum Hall state and insulator. By decreasing the gate voltage, we observed the conventional transition so that there is only one transition point between the low-field insulator and quantum Hall liquid. Therefore we obtain a unified picture to link the conventional observation and the prediction on the metallic regime. 
